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Two new host systems for clathrate inclusion will be described here. A
series of benzo-fused tetraphenylenes including tetrabenzo[b,h,n,t]tetraphenylene
(2), benzo[b]tetraphenylene (3), tribenzo[b,h,n]tetraphenylene (4), dibenzo[b,n]-
tetraphenylene (5), dibenzo[b,h]tetraphenylene (6) were synthesized and their
clathrate inclusion properties were investigated. Among them, only 2 and 6
showed clathrate inclusion ability. The structures of these clathrates with various
solvents will be described. The necessary ingredient of inclusion behaviour for
these host molecules will also be discussed.
Apart from clathrate inclusion properties, dibenzo[b,h]tetraphenylene
(6) is an interesting molecule since it is capable of being resolved into its(+) and
(-) enantiomers by chromatography on swollen microcrystalline triacetylcellulose
(TAC). After resolution, the inversion barrier was found by racemization
experiment. The chiral resolution and racemization studies of 6 will be described.
IV. Introduction
Tetraphenylene (1) is a molecule of considerable interest 1. It was
first reported in 1943 that tetraphenylene (1) formed 2: 1 adduct with a variety of
solvent molecules 2. This indicated that there were guest- host interactions in the
solvates and led us to commence our research program on the systematic studies of
the clathrate inclusion compounds formed by tetraphenylene and a wide variety of
guest species, ranging in size from methylene chloride to cyclohexane 3.
1
Unlike neat tetraphenylene( space group C2c) 4, the clathrates
constitute an isomorphous series belonging to space group P42n with Z= 2 3.
The clathrate cavity, bounded by eight tetraphenylene molecules, is an oblate
spheroid with its minor axis parallel to c axis. The limiting shape is a sphere of
free diameter 7.2- 7.4 A 5. The cavity can accommodate a wide variety of guests
which generally conform to the requirement of 4 site symmetry through
orientation disorder. The tetraphenylene host lattice is capable of adapting itself to
the steric requirements of various guests by undergoing significant changes in
cavity size.
In order to construct clathrate inclusion compounds with guest
species of larger size, a series of benzo-fused tetraphenylenes, namely
tetrabenzo[£,z,n,r]tetraphenylene (2), benzo[Z?]tetraphenylene (3), tribenzo-
[b,z,n]tetraphenylene (4), dibenzo[£,rc]tetraphenylene (5) and dibenzo[fr,z]tetra-
phenylene (6) were designed and synthesized. Among them, only 2 and 6 possess a






is now well recognized that two-fold molecular symmetry plays a dominant role
in the architecture of clathration lattices consolidated by van der Waals attraction
and or hydrogen bonding 6'7. If it is indeed the case, only 2 and 6 can form
clathrate inclusion compounds with guest species, while the other three analogues
will show no inclusion ability. In conformity with this notion, indeed only 2 and 6
show clathrate inclusion phenomenon with guest species.
Apart from clathrate inclusion properties, it is interested to note
that 6 possesses no plane of symmetry. This implies that 6 is capable of being
resolved into optically active compounds. It has been reported 8 that compounds
of similar structure, e.g. 7 and 8 9, can be resolved by chromatography on
swollen microcrystalline triacetylcellulose( TAC) 1014. In the similar manner,
it is expected that enantiomeric resolution of 6 can be achieved by
chromatography on TAC column. After the resolution of 6, studies on its
racemization can be carried out and the barrier of ring inversion can be found by
racemization experiments 8. Moreover, an interesting CD spectmm is expected
for 6 in which the interaction between the naphtho rings should permit
determination of the absolute configuration.
7 8
V. Results and Discussion
( A) Synthesis of benzo-fused tetraphenylenes.
Many synthetic routes for preparing tetraphenylene have been
recorded 1522. One of them was reported by Wong and Sondheimer in which
dehydrobromination of tetrabromide 9 gave diacetylene 10 22. This diacetylene
readily underwent Diels-Alder cycloaddition with furan to furnish the endoxide
11 which was subjected to deoxygenation with low valent titanium generated
by in situ reduction of titanium (IV) chloride with lithium aluminium hydride to
afford tetraphenylene (1) 23[ Scheme I]. Accordingly, all the benzo-fused














Scheme n shows the synthetic strategy of 2 in which tire basic
skeleton of tetraphenylene, i.e. the central cyclooctene ring, was constructed by
Wittig reaction. Thus, 2,3-naphthalenedicarboxaldehyde 24 and 2,3-
naphthalenebis( methylene phosphonium bromide) 25 26 underwent Wittig
reaction to give l,2:5,6-dinaphtho[fc]cyclooctatetraene (12) in only 2.4%
yield 26. Fortunately, the Wittig reaction also gave 18% yield of a byproduct
13 26 which could be easily converted to 12 by elimination with lithium
diisopropylamide in 42% yield. Bromination 22 of l,2:5,6-dinaphtho[fc]-
cyclooctatetraene (12) at refluxing temperature afforded tetrabromide 15 in 59
% yield. Alternatively, ethoxy compound 13 was treated with boron trifluoride
etherate in acetic anhydride at 0°C 27 to furnish dihydrocyclooctatetraene 14 in
33% yield. Bromination of 14 under irradiation also gave tetrabromide 15 in 25
% yield. Dehydrobromination 22 of tetrabromide 15 with potassium t-butoxide at
room temperature generated diacetylene 16 which was identified by high
resolution mass spectrometry[ MS measured M+ 300.0945, Calcd. for 212:


































solvents), diacetylene 16 was subjected directly to Diels-Alder cycloaddition 22
with isobenzofuran 28'29 to afford endoxide 17 in 36% yield. Deoxygenation 23
of endoxide 17 with low valent titanium gave tetrabenzo[£,z,A2,r]tetraphenylene
(2) as colorless crystals in 77% yield, m.p. 300°C (benzene). The proton NMR
spectrum( d6-acetone) of 2 is rather simple, showing an A2B9 system at 5 7.45-
7.49, 7.86- 7.90( A2B9, J= 3.3, 6.2 Hz, 16 H) and a singlet at 8 7.84( 8 H),
which is a typical spectrum of a 2,3-disubstituted naphthalene. X-ray
crystallographic analysis showed that the measured dimensions of the cyclooctene
ring of 2[ averaged C-C 1.493 (2), C=C 1.429 (2) A, C-C=C 121.3 (2)°] conform
well to idealized D2d symmetry.
Scheme EI shows the strategy for the synthesis of 3 and 4, which
were both synthesized from the same diacetylene 21. Phthaldehyde and 2,3-
naphthalenebis( methylene phosphonium bromide) 25' 26 underwent Wittig
reaction to afford l,2-benzo-5,6-naphtho[i]cyclooctatetraene (18) and ethoxy
































serves also as starting material for the synthesis of 6. Bromination '2 of 1,2-
benzo-5,6-naphtho[ft]cyclooctatetraene (18) at refluxing carbon tetrachloride
temperature gave tetrabromide 20 in 55% yield. Dehydrobromination 22 of
tetrabromide 20 with potassium t-butoxide generated diacetylene 21 which was
identified by high resolution mass spectrometry[ MS measured M+ 250.0789,
Calcd. for C2qHjq: 250.0783]. Diacetylene 21 underwent Diels-Alder
cycloaddition 22 with furan to provide endoxide 22 in 63% yield. On the other
hand, Diels-Alder cycloaddition of diacetylene 21 with isobenzofuran 28 29
afforded endoxide 23 in 66% yield. Deoxygenation 2j of endoxide 22 and 23
with low valent titanium gave the corresponding benzo-fused tetraphenylene 3
and 4 as colorless crystals in 54% and 51% yield, respectively. The proton NMR
spectra of 3 and 4 are rather complicated. The proton signals can be resolved in
the same way as 2. For 3: m.p. 250-254°C( cyclohexane); 1H NMR
( dg-acetone): 8 7.15- 7.37 (m, 12 H), 7.46 -7.50, 7.86- 7.89 (A2B2, J= 3.3,
6.2 Hz, 4 H), 7.67( s, 2 H). For 4: m.p. 300°C( cyclohexane); NMR
( dg-acetone): 8 7.32- 7.33( br. s, 4 H), 7.43- 7.47, 8.84- 8.87( A2B2, J=
3.3, 6.3 Hz, 8 H), 7.50- 7.54, 7.91- 7.95 (A2B2, J= 3.3, 6.2 Hz, 4 H), 7.71
( s, 2 H), 7.81( s, 2 H), 7.83 (s, 2 H).
Compound 5 was synthesized in the same way as tetraphenylene (1)
according to Scheme IV. The starting material was tetrabromide 9 22. Diacetylene
10 was generated from dehydrobromination 22 of tetrabromide 9 with potassium
t-butoxide. It was then treated with isobenzofuran 28' 29 to afford the
corresponding Diels-Alder adduct 24 in 66% yield, which underwent
deoxygenation 23 with low valent titanium, resulting in the isolation of colorless
crystals 5 in 89% yield: m.p. 288-291°C( cyclohexane). The proton NMR
spectrum(- acetone) resembles that of 3, consisting of a multiplet at 8 7.25-
7.36( m, 8 H), which is due to absorptions of the benzene ring protons, an A2B2
system at 8 7.36- 7.42 ,7.73- 7.79 (A2B2, J= 3.3 ,6.9 Hz, 8 H) and a singlet at














The synthesis of 6 is not trivial( Scheme V) since the fusion of
arenes on opposite sides of the cyclooctene ring are unsymmetrical. Hence the
benzene ring and the naphthalene group on opposite sides must be introduced
separately. The ideal starting material for this synthesis was monoacetylene 28
due to different reactivities of the double bond and the triple bond. Only the
acetylenic bond could undergo Diels-Alder cycloaddition with furan. Apparently,
the precursor of monoacetylene 28 should be dibromide 25. However, all
































cyclooctatetraene (18) merely resulted in a complex reaction mixture. After
several experimentation, it was discovered that bromination of dihydro-
cyclooctene 26 at room temperature gave tribromide 27 in 40% yield, which
could serve as precursor of acetylene 28. Compound 26 can be obtained in 41%
yield by treating the ethoxy compound 19 with boron trifluoride etherate in acetic
anhydride at 0°C 27. Dehydrobromination 22 of tribromide 27 with potassium
t-butoxide furnished monoacetylene 28 which was identified by both high
resolution mass spectrometry[ MS measured M+ 252.0934, Calcd for C0qH,2:
252.0939] and proton NMR spectrometry[ 'fl NMR( CDC13) 8 5.80( d,
J= 15.5 Hz, 1H), 5.93( d, J= .15.5 Hz, 1H), 6.85- 7.05 (m, 4 H), 7.08( s, 1
H), 7.21( s, 1 H), 7.51- 7.55 (A2B2, J= 3.3, 5.8 Hz, 4 H)].
Br Br
25
Acetylene 28 underwent Diels-Alder cycloaddition 22 with furan to
afford endoxide 29 in 64% yield. Deoxygenation 23 of 29 with low valent
titanium gave 30 in 81% yield. Bromination of 30 at room temperature resulted
in the isolation of dibromide 31 in 75% yield. Dehydrobromination of 31 with
potassium t-butoxide should give acetylene 33. However, 33 was so reactive that
it underwent addition reaction with t-butoxy anion to afford enol ether 34 which
was converted to ketone 35 after acidic workup. The instability of the acetylene
33 was not a surprising result. This can be attributed to its planar structure, whose
neighbouring protons on the naphtho ring and benzene rings should suffer severe












attained 30. To avoid this undesirable reaction, a mixture of dibromide 31 and
isobenzofuran 28, 29 was subjected to dehydrobromination with potassium
t-butoxide. Due to the fact that isobenzofuran is a very reactive diene, the
acetylene 33 generated from dehydrobromination of dibromide 31 immediately
underwent Diels-Alder cycloaddition with isobenzofuran rather than addition
reaction with t-butoxy anion. Endoxide 32 was isolated, and without further
purification, 32 was subjected to deoxygenation 23 with low valent titanium to
afford dibenzo[£,z]tetraphenylene (6) as colorless crystals in 77% yield: m.p.
230-231°C( cyclohexane). The proton NMR spectrum( d6-acetone) of 6
consists of a multiplet at 5 7.19- 7.31( m, 8 H), corresponding to the benzene
ring proton signals, an A2B2 system at 8 7.49- 7.53, 7.89- 7.93( 22 9'
6.2 Hz, 8 H) and two singlets at 5 7.71( s, 2 H) and 7.80( s, 2 H),
corresponding to the naphthalene proton signals.
(B) Inclusion properties of benzo-fused tetraphenylenes.
Tetrabenzo[6,z,ft,t]tetraphenylene( 2) forms a 1: 1 clathrate with
p-xylene as air-stable, colorless flat prisms upon slow evaporation of a solution of
2 in p-xylene; m.p. 255-260°C. This clathrate differs markedly from the
tetraphenylene clathrates in regard to tenacity of retention, mode of
accommodation, and order disorder of the guest species. Figure 1 provides a
stereo view of the molecular packing in the clathrate, in which a pair of ordered
Figure 1. Stereoview of the clathrate between
tetrabenzo[Z?,z,rc,tetraphenylene and -xylene
p-xylene guest molecules are related by the inversion centre at (12, 12, 12) and
in mutual van der Waals contact. This pair of centrosymmetrically-related guest
species are enclosed in a cavity surrounded by six host molecules. The shortest
guest-host interestions( C—C contacts under 3.62 A) involve atoms C(17), C(18),
C(24), C(26) of the host system with atom numbering illustrated in figure 2. This
is reflected by the fact that, in the central eight-membered ring, the torsion
angle of 66.0 (3)° about the C(4)-C(40) bond is significantly smaller than
those[ -69.2(2), 68.4(2), -69.3 (3)°] about the other three single bonds. Apart
from this distortion, the measured dimensions of the central ring of
2 [averaged C-C 1.493 (2), C=C 1.429 (2) A, C-C=C 121.3 (2)°] conform well













In addition to the 1: 1 clathrate with p-xylene, tetrabenzo[i,2,n,t]-
tetraphenylene (2) also forms stable crystalline adducts( presumably also true
clathrates) with benzene( molar ratio 2:3, decomposition temperature 200°C)
and 1,2,4-trimethylbenzene( molar ratio 1:1, m.p. 270-278°C). They have
entirely different unit-cell parameters as compared to those of the clathrate with
p-xylene. The crystal data of these clathrate inclusion compounds are depicted in
Table 1.
Tetrabenzo[A2,r]tetraphenylene (2) also formed clathrates with
toluene, mesitylene and cyclohexane. These clathrates, together with those formed
between dibenzo[£,z]tetraphenylene (6) and -xylene 1,2,4-trimethylbenzene,
are still under investigation.
Compounds 3, 4 and 5 did not show any inclusion ability. This is
consistent with the notion that a C2 axis passing through the centres of a pair of
opposite C-C single bonds is a necessary ingredient of inclusion behaviour for this
kind of compounds.
(C) Chiral resolution and racemization studies of dibenzo[z]tetraphenylene(6)31
(i) Resolution of dibenzo[Z?,z]tetraphenylene (6)
A solution of 6( 2 mg) in ethanol( 96%, 0.5 mL) was injected on a
30 x 2.5 cm triacetylcellulose (TAC) column, equipped with a UV detector and a
polarimeter( Perkin Elmer 241 MC) with flow cell. One passage of the TAC
column did not give complete resolution. However,(+) and(-) fractions were
obtained by recycling twice. The polarimeter and UV detector showed no
presence of the other enantiomer in these fractions.
Table 1. Crystal data of clathrates formed between 2 and -xylene, benzene
1,2,4-trimethylbenzene
Guest p-xylene benzene 1,2,4-trimethylbenzene
Crystal form triclinic triclinic monoclinic


















































Pure(+) enantiomer of 6( 0.5 mg or less) were sealed into thick-
walled glass ampoules under reduced pressure( 0.01 mmHg). The ampoules
were heated for measured times at successively higher temperatures in an electric
overn Up to 500°C, no racemization and only little decomposition occurred aftei
several hours. At 550°C for 17 min., some carbonization occurred, and 2-3% of
the(-) enantiomer could be seen in a chromatogram.
After 5 min. at 600°C, extensive carbonization occurred, but pure
compound 6 containing 7-10% of the(-) enantiomer could be isolated. At 650°C,
complete carbonization occurred rapidly. The barrier of racemization was
estimated to be 66.6 kcalmol32.
If compared with those values listed in Table 2, it can be seen that
the
rac value of dibenzo[6,z]tetraphenylene (6) is much higher. This is not a
surprising result since the neighbouring protons on the naphtho groups and benzo
groups of 6 suffer four severe H—H nonbonded interactions in the planar
transition state while those in Table 2 such as compounds 36, 37, 38 possess only
one such interaction during racemization.
Table II
Structure
















In the hope of obtaining potential host systems for clathrate
inclusion of organic solvent molecules, benzo-fused tetraphenylenes 2, 3, 4, 5 and
6 were prepared via deoxygenation reaction of their respective endoxide
intermediates. As indicated previously 6,7,aC2 axis passing through the centres
of a pair of opposite Carbon-Carbon single bonds is a necessary ingredient of
clathrate inclusion behaviour for tetraphenylene (1) and its derivatives. It is
therefore not surprising that only tetrabenzo[6,A,rt,r]tetraphenylene( 2) and
dibenzo[£,z]tetraphenylene( 6) exhibit clathrate inclusion ability. This is due to
the fact that the C2 axis gives the host molecule its twisted shape, hence there is
sufficient space in the crystal lattice to accommodate the guest species. The
clathrate inclusion compounds of 2 and 6 are markedly different from those of
tetraphenylene 1 with regard to tenacity of retention, mode of accommodation
and orderdisorder of the guest molecules.
It can be seen that the guest-host interactions in these clathrates are
merely van der Waals interactions. Hence, the guest species can easily be released
at higher temperature. If polar functional groups such as nitro, chloro or hydroxy
group are introduced to the host systems, thermally stable clathrates with stronger
guest-host interactions might be constructed. Therefore, it is interesting to
prepare hosts such as tetranitrotetraphenylene 41 2 or perchlorotetraphenylene
















In addition to clathrate inclusion properties, dibenzo[,z]tetra-
phenylene( 6) was resolved into its(+) and(-) enantiomer by chromatography on
triacetylcellulose column. Racemization studies reveal that the AGrac of 6 is much
higher than the inversion barriers of those compounds containing biphenyl or
diquinoline moiety( viz. Compounds 36, 37, 38, 39 and 40).
VII. Experimental Section
Solvents used were purified by standard procedures. All
evaporation of organic solvents was carried out by a rotary evaporator in
conjunction with a water aspirator.
Proton NMR spectra were recorded on a Bruker Cryospec WM 250
( 250 MHz) spectrometer. The chemical shift( ppm) was measured with
tetramethylsilane( TMS) serving as internal standard. Mass spectra were
recorded on a VG Micromass 7070F spectrometer. Elemental analyses were
carried out at Shanghai Institute of Organic Chemistry, Academia Sinica, China.
Merck silica gel( 60 F254) precoated on aluminium sheet was used
for TLC studies and Merck silica gel( 70- 230 mesh) was used for column
chromatography. Melting points were measured on a hot-stage microscope and
were uncorrected.
l-Methoxy-l,4-dihydroisobenzofuran 28. Diisobutyl-
aluminium hydride( 0.05 mole in toluene) was added in 30 min. to a stirred
solution of phthalide( 6.7 g) in toluene (100 mL) under nitrogen at -78°C. Ether
( 50 mL) was added and the solution was stirred for 4 hr.. The cold bath was
removed. Ether (150 mL) was immediately added, followed by saturated sodium
chloride solution( 100 mL). The layers were separated and the aqueous layer
was extracted with ether( 5 x 100 mL). The combined ethereal solution was
dried over anhydrous magnesium sulphate. Evaporation of solvent gave an oil
which was dissolved in methanol( 200 mL). Boron trifluoride etherate( 1 mL)
was added to the methanol solution at 0°C. After 2 hr. of stirring, the reaction
mixture was poured into saturated sodium chloride solution( 450 mL) and
extracted with pentane( 4 x 100 mL). The combined pentane solution was
washed with water( 100 mL), dried over anhydrous magnesium sulphate and
evaporated. Vacuum distillation gave a colorless liquid( 5.2 g, 69%) of
1 -Methoxy-1,4-dihydroisobenzofuran: b.p. 104-106°C( 12 mm.)[ lit. 28 b.p.
62-64°C( 3 mm.)]
Isobenzofuran 29
n-ButyLithium( 45 mL, 1.6M 15% in
hexane) was added to diisopropylamine (3.6 mL). The resulting mixture was
stirred for 15 min. This lithium diisopropylamide solution was added drop wise to
a solution of 1 -methoxy-1,4-dihy droisobenzofuran( 4.8 g) in benzene (180 mL).
After stirring for 15 min., saturated ammonium chloride solution (180 mL) was
added. The organic layer was separated, washed with water( 2 x 150 mL) and
dried over anhydrous magnesium sulphate. The organic solution of isobenzofuran
could then be used directly without further purification.
2,3-Bis(bromomethyl)naphthalene 24 A mixture of 2,3-
dimethylnaphthalene( 14.5 g), N-bromosuccinimide( 32.5 g), benzoyl
peroxide( 0.45 g) in carbon tetrachloride( 75 mL) was refluxed for 8 hr. The
mixture was filtered while hot. The filtrate was cooled and filtered to give yellow
solid. Recrystallization from carbon tetrachloride gave yellow crystals of 2,3-bis-
(bromomethyl)naphthalene( 17 g, 58%): m.p. 144-146°C( lit. 25 m.p.
145-145.5°C)
2,3-Bis(dibromomethyl)naphthaIene 24 A mixture of 2,3-
bis(bromomethyl)naphthalene( 8.4 g), N-bromosuccinimide( 9.6 g), benzoyl
peroxide (0.7 g) in carbon tetrachloride( 30 mL) was refluxed for 20 hr. The
mixture was filtered while hot. The filtrate was cooled and filtered to give orange
solid. Recrystallization from carbon tetrachloride gave yellow crystals of 2,3-bis-
(dibromomethyl)naphthalene (8 g, 63%): m.p. 160-161°C (lit. 24 m.p. 161°C).
2,3-Naphthalenebis(methylene phosphonium bromide)25,26.
A mixture of 2,3-bis(bromomethyl)naphthalene( 5.0 g) and triphenyl-
phosphine( 8.8 g) in N,N-dimethylformamide( 60 mL) was refluxed for 4 hr..
The reaction mixture was then concentrated under reduced pressure. The
precipitate was filtered, washed with ether and recrystallized from ethanol to give
pale yellow crystals of bisphosphonium salt( 12 g, 89%): m.p. 300°C (lit. 26
m.p. 316-320°C).
2,3-Naphthalenedicarboxaldehyde 24. A mixture of 2,3-
bis(dibromomethyl)naphthalene (18 g), potassium oxalate( 14.5 g), water
( 100 mL) and ethanol( 100 mL) was refluxed for 48 hr.. Ethanol( 90 mL) was
removed by distillation. The precipitate was filtered and recrystallized from ethyl
acetate to give yellow needles of 2,3-naphthalenedicarboxaldehyde( 5 g, 71%):
m.p. 130-131°C (lit.24 m.p. 129-132°C).
l,2:5,6-Dinaphtho[ft]cyclooctatetraene (12) 26.
(a) By Wittig reaction. A mixture of 2,3-naphthalene-
bis(methylene phosphonium bromide)( 28 g) and 2,3-naphthalenedicarbox-
aldehyde( 5 g) in N,N-dimethylformamide( 200 mL) was heated to 100°C.
Lithium ethoxide[ lithium (4g) in absolute ethanol( 200 mL)] was added to the
clear solution in 0.5 hr under nitrogen. It was then stirred at 120°C for 2 hr.
Water( 1000 mL) was added, followed by extraction with ether( 800+ 400+
200 mL). The ethereal solution was then dried over anhydrous magnesium
sulphate and evaporated. The residue was chromatographed on silica gel (benzene
eluent) in order to remove the triphenylphosphine oxide. After evaporation of
solvent, the residue was re chromatographed on silica gel (hexanes benzene= 1:2
eluent) to give two major portions. Further chromatography of the first portion
on silica gel( hexanes eluent) and recrystallization from benzene gave colorless
crystals of l,2:5,6-dinaphtho[6]cyclooctatetraene (12) (0.2 g, 2.4%): m.p.
244-245°C (lit. 26 245.5-246.5°C); !H NMR( d6- acetone) 5 7.11( s, 4 H),
7.36- 7.40, 7.74- 7.77( A2B2, J= 3.3, 6.3 Hz, 8 H), 7.66( s, 4 H). The
second portion was recrystallized from benzene-hexanes to give a pale yellow
solid of 7-ethoxy-7,8-dihydro-l,2:5,6-dinaphtho[6]cyclooctatetraene (13)( 1.7
g, 18%): m.p. 126-128°C (lit. 26 128-129°C); :H NMR( CDC13) 5 1.26 (t,
J= 8 Hz, 3 H), 3.12- 3.60 (m, 4 H), 4.95 (t, J= 7.5 Hz, 1 H), 6.90( s, 2 H),
7.00- 7.86( m, 12 H).
(b) By treatment of 7-ethoxy-7,8-dihydro-l,2:5,6-
dinaphtho[Z?]cyclooctatetraene (13) with lithium diisopropyl-
amide. Lithium diisopropylamide[ prepared by adding n-butyllithium
( 5.0 mL, 1.6M 15% in hexane) to diisopropylamine( 0.52 mL) at room
temperature with stirring for 15 min.] was added dropwise to a solution of the
ethoxy compound 13( 0.5 g) in benzene( 10 mL) under nitrogen at room
temperature. After stirring for 20 hr., saturated ammonium chloride solution( 30
mL) was added, followed by extraction with ether( 3 x 30 mL). The organic
layer was dried over anhydrous magnesium sulphate and evaporated.
Chromatography on silica gel( hexanes eluent) and recrystallization from
benzene gave colorless crystals( 12, 0.18 g, 42%): m.p. 244- 245°C. The
spectroscopic data are identical with those of an authentic sample prepared
previously.
7,8-Dihydro-l,2:5,6-dinaphtho[Z?]cyclooctatetraene (14)
Ethoxy compound 13( 1.4 g), acetic anhydride( 64 mL), boron trifluoride
etherate (11 mL) and ether( 16 mL) were mixed at room temperature and kept
at 0°C for 1.5 days. The reaction mixture was then neutralized with saturated
sodium hydroxide solution, extracted with chloroform( 3 x 200 mL) and dried
over anhydrous magnesium sulphate. After evaporation of solvent, the residue
was chromatographed on silica gel( hexanes eluent) and recrystallized from
benzene to give colorless crystals( 14, 0.41 g, 33%): m.p. 229- 233°C;
NMR (CDCI3) 5 3.35( s, 4 H), 7.06 (s, 2 H), 7.32- 7.40 (m, 4 H), 7.61 (s,




( a) By bromination of l,2:5,6-dinaphtho[£]cycloocta-
tetraene (12). Bromine( 4g) in carbon tetrachloride (15 mL) was added
dropwise to a solution of l,2:5,6-dinaphtho[6]cyclooctatetraene (12)( 1.6 g) in
carbon tetrachloride( 160 mL). The mixture was refluxed until the reaction was
complete( monitored by TLC). The reaction mixture was then washed with
saturated sodium thiosulphate solution (180 mL), dried over anhydrous
magnesium sulphate and evaporated. Chromatography on silica gel( hexanes
eluent) and recrystallization from carbon tetrachloride gave colorless
crystals (15, 2.0 g, 59%): m.p. 260- 265°C( decomp.); 2H NMR (CDC13)
8 5.63( d, J= 9.6 Hz, 2 H), 6.54( d, J= 9.6 Hz, 2 H), 7.31 (s, 2 H), 7.35-
7.44 (m, 4 H), 7.54( d, J= 7.7 Hz, 2 H), 7.73( d, J= 7.7 Hz, 2 H), 8.28 (s,
2 H); Anal. Found: C 46.18, H 2.54, Br 50.30, C24HBr4 requires:
C 46.19, H 2.58, Br 51.23.
( b) By bromination of 7,8-dihydro-l,2:5,6-dinaphtho-
[Z?]cyclooctatetraene (14). Bromine( 1.6 g) in carbon tetrachloride( 7 mL)
was added dropwise to a solution of 7,8-dihydro-l,2:5,6-dinaphtho[£]cycloocta-
tetraene (14)( 0.40 g) in carbon tetrachloride( 150 mL) with stirring. The
mixture was irradiated with a sunlamp( 500 W). After the reaction was complete
( monitored by TLC), the resulting mixture was washed with saturated sodium
thiosulphate solution (150 mL), dried over anhydrous magnesium sulphate and
evaporated. Chromatography on silica gel (hexanes eluent) and recrystallization
from carbon tetrachloride gave colorless crystals( 15, 0.21 g, 25%): m.p.
260-265°C( decomp.). The spectroscopic data are identical with those of an
authentic sample prepared previously.
14,9,12-Tetrahydro-l,4:9,12-diendoxotetrabenzo-
[,t,n,f]tetraphenylene (17). A solution of 3,4,7,8-tetrabromo-3,4,7,8-
tetrahydro-l,2:5,6-dinaphtho[Z»]cyclooctatetraene( 15)( 1.9 g) in tetrahydro-
furan( 80 mL) was added dropwise to a suspension of potassium t-butoxide (4.5
g) in tetrahydrofuran( 80 mL) under nitrogen at room temperature. It was then
stirred for 15 min..[ A yellow solid of diacetylene 16( MS measured M+
300.0945, Calcd for C24H12: 300.0939) could be obtained after general workup
procedure. It was rather insoluble in general organic solvents] A freshly prepared
isobenzofuran solution( 230 mL)[ prepared from l-methoxy-l,4-dihydro-
isobenzofuran( 4.8 g)] was added and stirred for 15 min.. 2N Hydrochloric acid
( 250 mL) was added, followed by extraction with chloroform( 2 x 200 mL).
The organic layer was washed with water( 2 x 250 mL) and dried over
anhydrous magnesium sulphate. After evaporation of solvent, the residue was
chromatographed on silica gel( ethyl acetate hexanes =1:4 eluent) and
recrystallized from benzene to give pale yellow needles( 17, 0.61 g, 36%):
m.p. 300°C; H NMR( d6- acetone) 8 5.98 (s, 4 H), 7.24- 7.27, 8.01- 8.04
(A2B2, J= 2.9, 5.2 Hz, 8 H), 7.42- 7.45, 7.82- 7.86 (A2B2, J= 3.3, 6.2 Hz,
8 H), 7.73( s, 4 H); MS measured M+ 536.1772, Calcd for C4qH2402:
536.1776; Anal. Found: C 89.52, H 4.48, C4qH240? requires: C 89.53, H
4.50.
Tetrabenzo[£,z,7z,f|tetraphenylene (2). Tetrahydrofuran
( 65 mL) was added to titanium (IV) chloride( 1.3 mL) under nitrogen with
stirring. Lithium aluminium hydride( 0.35 mg) was added, followed by a
solution of triethylamine( 0.65 mL) in tetrahydrofuran( 6.5 mL). After
refluxing for 15 min., a solution of endoxide 17( 0.41 g) in tetrahydrofuran( 38
mL) was added dropwise to the low valent titanium solution. The reaction
mixture was then refluxed for 2 hr. Saturated potassium carbonate solution( 300
mL) was added, followed by extraction with chloroform( 3 x 250 mL). The
organic layer was dried over anhydrous magnesium sulphate and evaporated.
Chromatography on silica gel( hexanes eluent) and recrystallization from
benzene gave colorless crystals (2,0.30 g, 77%): m.p. 300°C; ]H NMR
( d6-acetone) 5 7.45- 7.49, 7.86- 7.90 (A2B2, J= 3.3, 6.2 Hz, 16 H), 7.84( s,
8 H); MS measured M+ 504.1875, Calcd. for C40H24: 504.1878; Anal. Found:
C 95.21, H 4.72, C4QH24 requires: C 95.21, H 4.79.
l,2-Benzo-5,6-naphtho[ft]cyclooctatetraene (18) and 7-
ethoxy- 7,8- dihydro- 1,2- benzo- 5,6-naphtho[£]cyclooctatetraene
andor 8-ethoxy-7,8-dihydro-1,2-benzo-5,6-naphtho[Z]cycloocta-
tetraene (19). A mixture of 2,3-naphthalenebis(methylene phosphonium
bromide)( 56 g) and phthaldehyde( 9g) in N,N-dimethylformamide (400 mL)
were heated to 100°C. Lithium ethoxide[ lithium( 8 g) in absolute ethanol( 400
mL)] was added to the clear solution in 1 hr. under nitrogen. The reaction
mixture was then stirred at 120°C for 24 hr. Water( 2 L) was added, which was
followed by extraction with ether (1.6L+800mL+400mL+200mL). The ethereal
solution was then dried over anhydrous magnesium sulphate and evaporated. The
residue was chromatographed on silica gel (benzene eluent) to remove triphenyl-
phosphine oxide. After evaporation of solvent, the residue was rechromato-
graphed on silica gel( benzene hexanes= 1:2 eluent) to give two major
portions. Further chromatography of the first portion on silica gel( hexanes
eluent) and recrystallization from benzene-ethanol gave colorless crystals of
l,2-benzo-5,6-naphtho[h]cyclooctatetraene (18)( 0.61 g, 3.6 :m.p. 148-
149°C; NMR (d6- acetone) 8 6.87 (d, J= 12.0Hz, 2H), 7.01 (d, J= 12.0
Hz, 2 H), 7.09- 7.13, 7.14- 7.18( A2B2, J= 3.4, 6.1 Hz, 4 H), 7.38- 7.42,
7.75- 7.78( A2B2, J= 3.3, 6.2 Hz, 4 H), 7.61( s, 2 H); MS measured M+
254.1096, Calcd. for C2QH14: 254.1095; Anal. Found: C 94.10, H 5.62,
'2014 re9uires; C 94.45, H 5.55 .Evaporation of solvent of the second portion
gave the ethoxy compound 19( 3.1 g, 15%): white solid was obtained after
prolonged standing, m.p. 70- 72°C; !H NMR( CDC13) 8 1.22 (t, J= 7.0Hz,
3 H), 3.19- 3.29 (dd, J= 9.3 ,14.8 Hz, 1 H), 3.42 (q, J= 7.0Hz, 2 H), 3.57-
3.65( dd, J= 7.1, 14.8 Hz, 1 H), 5.10- 5.17( dd, J= 7.1, 9.3 Hz, 1 H), 6.94
( d, J =12.2 Hz, 1 H), 7.03( d, J =12.2 Hz, 1 H), 7.01- 7.10 (m, 4 H), 7.37
- 7.40( m, 2 H), 7.57( s, 1 H), 7.69-7.80( m, 2 H), 7.84( s, 1 H); MS
measured M+ 300.1514, Calcd for C22H2qO: 300.1514; Anal. Found: C 88.34,
H 6.71, C22H20O requires: C 87.96, H 6.71.
3,4,7,8-Tetrabromo-3,4,7,8-tetrahydro-l,2-benzo-5,6-
naphtho[Z?]cyclooctatetraene (20). Bromine( 0.2 g) in carbon
tetrachloride( 2 mL) was added dropwise to a solution of l,2-benzo-5,6-
naphtho[£]cyclooctatetraene (18)( 0.11 g) in carbon tetrachloride( 12 mL).
The mixture was refluxed until the reaction was complete( monitored by TLC).
The reaction mixture was then washed with saturated sodium thiosulphate solution
( 10 mL) and dried over anhydrous magnesium sulphate. After evaporation of
solvent, the residue was chromatographed on silica gel( hexanes eluent) and
recrystallized from carbon tetrachloride to give colorless crystals (20, 0.13 g,
55%): m.p. 220- 222°C; !H NMR( CDC13) 8 5.37 (d, J= 9.7 Hz, 1 H), 5.55
( d, J= 9.7 Hz, 1 H), 6.39( d, J= 8.1 Hz, 1 H), 6.43( d, J= 8.1 Hz, 1 H),
6.77- 6.80( dd, J= 1.1, 8.3 Hz, 1 H), 6.90- 6.96( dt, J= 1.2, 7.5 Hz, 1 H),
7.11- 7.17( dt, J= 1.2, 7.6 Hz, 1 H), 7.32( s, 1 H), 7.39- 7.50( m, 2 H),
7.60- 7.63 (m, 1 H), 7.76( d, J= 8.6 Hz, 2 H), 8.26( s, 1 H); Anal. Found:
C 41.82, H 2.39, Br 55.79, C20H14Br4 requires: C 41.85, H 2.46, Br 55.69.
5,8,13,16-Tetrahydro-5,8:13,16-diendoxobenzo[Z?]tetra-
phenylene (22). A solution of 3,4,7,8-tetrabromo-3,4,7,8-tetrahydro-l,2-
benzo-5,6-naphtho[]cyclooctatetraene (20)( 0.32 g) in tetrahydrofuran( 15
mL) was added dropwise to a suspension of potassium t-butoxide( 0.9 g) in
tetrahydrofuran( 20 mL) under nitrogen at room temperature. After stirring for
15 min., 2N hydrochloric acid( 25 mL) was added, followed by extraction with
chloroform (2 x 20 mL). The organic layer was washed with water( 2 x 50 mL)
, dried over anhydrous magnesium sulphate and evaporated to give brown
crystals of diacetylene 21[ MS measured M+ 250.0789, Calcd. for C2qHjq:
250.0783]. Furan( 25 mL) was added to the brown crystals and the mixture was
stirred at room temperature for 2.5 days. Evaporation of solvent,
chromatography on silica gel( ethyl acetate hexanes= 1:4 eluent) and
recrystallization from benzene gave yellow crystals( 22, 0.13 g, 63%):
decomp. at 245°C upon m.p. determination; H NMR( d6- acetone) 8 5.41 (t,
J= 1.6 Hz, 2 H), 5.46 (t, J= 1.6 Hz, 2 H), 6.93- 6.97, 7.23- 7.27 (A2B2, J=
3.3,5.8 Hz,4H), 7.39- 7.43, 7.78- 7.82 (A2B2, J= 3.4, 6.2 Hz, 4 H), 7.41
( s, 2 H),7.56 -7.58 ,7.69- 7.72 (dd, J= 1.8 ,5.3 Hz, 4 H); MS measured M+
386.1310, Calcd. for C2gH1802: 386.1307; Anal. Found: C 87.06, H 4.62,
C28Hi802 requires: C 87.02, H 4.70.
Benzo[]tetraphenyIene (3). Tetrahydrofuran( 40 mL) was
added to titanium (IV) chloride( 0.8 mL) under nitrogen with stirring. Lithium
aluminium hydride( 0.14 g) was added, followed by triethylamine( 0.4 mL).
After refluxing for 15 min., a solution of endoxide 22( 0.13 g) in
tetrahy drofuran( 24 mL) was added drop wise to the low valent titanium solution.
The reaction mixture was then refluxed for 2 hr. Saturated potassium carbonate
solution( 200 mL) was added, followed by extraction with chloroform( 3 x 200
mL). The organic layer was dried over anhydrous magnesium sulphate and
evaporated. Chromatography on silica gel (hexanes eluent) and re crystallization
from cyclohexane gave colorless crystals (3, 67 mg, 54%): m.p. 250- 254°C;
!H NMR (d6- acetone) 5 7.15- 7.37 (m, 12 H), 7.46- 7.50, 7.86- 7.89
( A2B2, J= 3.3, 6.2 Hz, 4 H), 7.67( s, 2 H); MS measured M+ 354.1404,
Calcd. for C2gHlg: 354.1408; Anal. Found: C 94.48, H 5.26, C2gHlg requires:
C 94.88, H 5.12.
l,4,9,12-Tetrahydro-l,4:9,12-diendoxotribenzo [b,h,n]-
tetraphenylene (23). A solution of 3,4,7,8-tetrabromo-3,4,7,8-tetrahydro-
1,2-benzo-5,6-naphtho [b] cyclooctatetraene (20)( 0.13 g) in tetrahydrofuran( 3
mL) was added dropwise to a suspension of potassium t-butoxide( 0.5 g) in
tetrahydrofuran( 10 mL) under nitrogen at room temperature. After stirring for
15 min., 2N hydrochloric acid( 20 mL) was added, followed by extraction with
chloroform( 20 mL). The organic layer was washed with water( 3 x 20 mL),
dried over anhydrous magnesium sulphate and evaporated to give brown crystals.
A freshly prepared isobenzofuran solution( 50 mL)[ prepared from
1 -methoxy-1,4-dihydroisobenzofuran( 1 g)] was added and the mixture was
stirred at room temperature for 24 hr. Evaporation of solvent, chromatography
on silica gel( benzene eluent) and recrystallization from benzene gave pale
yellow crystals (23, 73 mg, 66%): m.p. 300°C; !H NMR (d6- acetone)
8 5.84 (s, 2 H), 5.91 (s, 2 H), 7.18- 7.26 (m, 8 H), 7.40- 7.44,7.95- 7.99
( A2B2, J= 3.2, 6.2 Hz, 4 H), 7.63( s, 2 H), 7.76- 7.82( m, 4 H); MS
measured M+ 486.1614, Calcd. for C36H2202: 486.1620.
Tribenzo[£,z,n]tetraphenylene( 4). Tetrahydrofuran( 20
mL) was added to titanium (IV) chloride( 0.5 mL) under nitrogen with stirring.
Lithium aluminium hydride( 80 mg) was added, followed by a solution of
triethylamine( 0.11 g) in tetrahydrofuran( 2.5 mL). After refluxing for 15
min., a solution of endoxide 23( 73 mg) in tetrahydrofuran (12 mL) was added
dropwise to the low valent titanium solution. The reaction mixture was then
re fluxed for 2 hr. Saturated potassium carbonate solution (100 mL) was added,
followed by extraction with chloroform( 3 x 100 mL). The organic layer was
dried over anhydrous magnesium sulphate and evaporated. Chromatography
on silica gel( hexanes eluent) and recrystallization from cyclohexane gave
colorless crystals (4, 35 mg, 51%): m.p. 290- 292°C; NMR( dg- acetone)
8 7.32- 7.33 (br. s, 4 H), 7.43- 7.47, 8.84- 8.87 (A2B2, J= 3.3, 6.2 Hz, 8 H),
7.50- 7.54, 7.91- 7.95 (A2B2, J= 3.3, 6.2 Hz, 4 H), 7.71( s, 2 H), 7.81 (s,
2 H), 7.83 (s, 2 H); MS measured M+ 454.1718, Calcd. for C36H22: 454.1721;
Anal. Found: C 94.87, H 5.03, C36H22 requires: C 95.12, H 4.88.
1,4,9,12-Tetrahydr o-l,4:9,12-diendoxodibenzo[,«]-
tetraphenylene (24)• A solution of 5,6,1l,12-tctr3.bromo~5,6,11,12
dihydrodibenzo [a,e] cyclooctene (9) 22( 0.21 g) in tetrahydrofuran( 3 mL) was
added dropwise to a suspension of potassium t-butoxide( 0.5 g) in
tetrahydrofuran( 10 mL) under nitrogen at room temperature. After stirring
for 15 min., 2N hydrochloric acid( 20 mL) was added, followed by extraction
with ether( 20 mL). The organic layer was washed with water( 3 x 20 mL) and
dried over anhydrous magnesium sulphate. After evaporation of solvent, the
residue was chromatographed on alumina( pentane eluent) to give a yellow
residue. A freshly prepared isobenzofuran solution( 40 mL)[ prepared from
1-methoxy- 1,4-dihydroisobenzofuran( 0.8 g)] was added and the mixture was
stirred at room temperature for 20 hr. The precipitate was filtered to give pale'
yellow solid (24, 0.16g, 66%): m.p. 300°C; 14 NMR (dg-acetone) 8 5.77
( s, 4 H), 7.08- 7.12, 7.22- 7.25( A2B2, J= 3.3, 5.8 Hz, 8 H), 7.13-7.17,
7.72-7.75( A2B2, J= 3.0, 5.1 Hz, 4 H); MS measured M+ 436.1468, Calcd. for
C32H20O2: 436.1463; Anal. Found: C 88.05, H 4.51, C32H20O2 requires: C
88.05, H 4.62.
Dibenzo[Z,n]tetraphenylene (5). Tetrahydrofuran( 10 mL)
was added to titanium (IV) chloride( 0.2 mL) under nitrogen with stirring.
Lithium aluminium hydride( 30 mg) was added, followed by a solution of
triethylamine( 43 mg) in tetrahydrofuran( 1 mL). After refluxing for 5 min., a
solution of endoxide 24( 52 mg) in tetrahydrofuran( 6 mL) was added dropwise
to the low valent titanium solution. The reaction mixture was then stirred at room
temperature for 20 hr. Saturated potassium carbonate solution( 40 mL) was
added, followed by extraction with chloroform( 3 x 40 mL). The organic layer
was dried over anhydrous magnesium sulphate and evaporated. Chromatography
on silica gel( hexanes eluent) and recrystallization from cyclohexane gave
colorless crystals (5, 42 mg, 89%): m.p. 288- 291°C; !H NMR (d6- acetone)
5 7.25- 7.36 (m, 8 H), 7.36- 7.42, 7.73- 7.79 (A2B2, J= 3.4, 6.9 Hz, 8 H),
7.64( s, 4 H); MS measured M+ 404.1549, Calcd. for C32H20: 404.1565;
Anal.Found: C 94.99, H 5.00, C32H20 requires: C 95.02, H 4.98.
7,8-Dihydro-l,2-benzo-5,6-naphtho[ft]cyclooctatetraene
(26). Ethoxy compound 19( 0.78 g), acetic anhydride( 36 mL), boron
trifluoride etherate (6.3 mL) and ether( 9 mL) were mixed at room temperature
and kept at 0°C for 1.5 days. The reaction mixture was then neutralized with
saturated sodium hydroxide solution and extracted with chloroform (3 x 100
mL). The organic layer was dried over anhydrous magnesium sulphate and
evaporated. Chromatography on silica gel( hexanes eluent) and recrystallization
from cyclohexane gave colorless crystals( 26, 0.28 g, 41%): m.p. 125°C;
NMR( CDC13) 5 3.19-3.34 (m ,4 H), 6.85 (d, J= 12.8 Hz, 1 H), 6.96 (d,
J= 12.8 Hz, 1 H), 7.04- 7.14 (m, 4 H), 7.34- 7.38 (m, 2 H), 7.61 (s, 2H),
7.68- 7.72( m, 2 H); MS measured M+ 256.1255, Calcd. for C2qH16:




( 3.6 g) in carbon tetrachloride( 15 mL) was added dropwise to a solution of
7,8-dihydro-l,2-benzo-5,6-naphtho[A]cyclooctatetraene (26)( 1.5 g) in carbon
tetrachloride( 60 mL). After stirring at room temperature for 4 days, the
reaction mixture was washed with saturated sodium thiosulphate solution (75 mL)
and dried over anhydrous magnesium sulphate. After evaporation of solvent,
the residue was chromatographed on silica gel (hexanes eluent) and recrystallized
from carbon tetrachloride to give colorless crystals( 27 ,1.1 g, 40%): m.p.
223-225°C; XH NMR (in CDC13) 5 3.76-3.85( dd, J= 9.2 ,14.8 Hz, 1H),
4.14-4.24 (dd, J= 10.5 ,14.8 Hz, 1H), 5.42( d, J= 9.9 Hz, 1 H), 6.59 (d, J=
9.9 Hz, 1 H), 5.55 (t, J= 9.9 Hz, 1H), 6.86- 6.96 (m, 2 H), 7.04- 7.07 (m,
2 H), 7.36( s, 1 H), 7.40- 7.47 (m, 2H), 7.60- 7.63 (m, 1 H), 7.76- 7.79
(m, 1 H), 8.31( s, 1 H); MS measured M+ 491.8715, Calcd. for C20H15Br3:
491.8725; Anal. Found: C 47.95, H 2.95, Br 49.11, C2QH15Br3 requires:
C 48.52, H 3.05, Br 48.43.
l,4-Dihydro-l,4-endoxo-6,7-benzotribenzo[a,c,e]cyclo-
octatetraene (29). A solution of tribromide 27( 0.85 g) in tetrahydrofuran
(15 mL) was added dropwise to a suspension of potassium t-butoxide( 2 g) in
tetrahydrofuran( 45 mL) under nitrogen at room temperature. After stirring for
15 min2N hydrochloric acid (100 mL) was added, followed by extraction with
chloroform( 2 x 100 mL). The organic layer was washed with water( 3 x 150
mL), dried over anhydrous magnesium sulphate and evaporated to give brown
crystals of acetylene 28[ MS measured M+ 252.0934, Calcd. for C2QH12:
252.0939;% NMR( CDCI3) 6 5.80( d, J= 15.5 Hz, 1 H), 5.93( d, J= 15.5
Hz, 1H), 6.85- 7.05 (m, 4 H), 7.08(s,lH), 7.21 (s, 1 H), 7.51- 7.55
(A B, J= 3.3, 5.8 Hz, 4 H)]. Furan (40 mL) was added to the brown crystals
and stirred at room temperature for 3 days. Evaporation of solvent,
chromatography on silica gel( benzene hexanes =1:2 eluent) and
recrystallization from benzene gave pale yellow crystals( 29, 0.35 g, 64%):
m.p. 228- 232°C; 2H NMR( d6- acetone) 5 5.47, 5.54 (t, J= 1.6 Hz, 2 H),
6.79( d, J= 12.5 Hz, 1 H), 6.90 (d, J= 12.5 Hz, 1 H), 6.90- 6.94 (m, 1 H),
7.17- 7.23( m, 3H), 7.39- 7.43( m, 2 H), 7.44( s, 1H), 7.56- 7.59, 7.70-
7.73( dd, J= 1.8, 5.3 Hz, 2 H), 7.63( s, 1 H), 7.75- 7.82( m, 2 H); MS
measured M+ 320.1204, Calcd. for C24H160: 320.1201; Anal. Found: C 89.66,
H 5.04, C24H160 requires: C 89.97, H 5.03.
l,2:3,4-Dibenzo-5,6-naphtho[]cyclooctatetraene (30)
Tetrahydrofuran( 50 mL) was added to titanium (IV) chloride( 1 mL) under
nitrogen with stirring. Lithium aluminium hydride( 0.2 g) was added, followed
by triethylamine( 0.4 mL). After refluxing for 5 min., a solution of endoxide 29
( 0.27 g) in tetrahydrofuran( 30 mL) was added dropwise to the low valent
titanium solution. The reaction mixture was then refluxed for 2 hr. Saturated
potassium carbonate solution( 200 mL) was added, followed by extraction with
chloroform( 3 x 200 mL). The organic layer was dried over anhydrous
magnesium sulphate and evaporated. Chromatography on silica gel( hexanes
eluent) and recrystallization from cyclohexane gave colorless crystals( 30, 0.21
g, 81%): m.p. 153°C; XH NMR( d6- acetone) 8 6.86( d, J= 11.6 Hz, 1 H),
6.99 (d ,J= 11.6 Hz, 1 H) ,7.09- 7.13 (m, 1 H), 7.17- 7.22 (m, 4 H), 7.24-
7.28( m, 1 H), 7.41- 7.47( m, 4 H), 7.63 (s, 1 H), 7.66 (s, 1 H), 7.79-
7.83( m, 2 H); MS measured M+ 304.1256, Calcd. for C24HJ6: 304.1252;
Anal. Found: C 94.75, H 5.25, C24H16 requires: C 94.70, H 5.30.
7,8-Dibromo-7,8-dihydro-l,2:3,4-dibenzo-5,6-naphtho-
[ftjcyclooctatetraene (31). Bromine( 0.15 g) in carbon tetrachloride (10
mL) was added dropwise to a solution of 1,2:3,4-dibenzo-5,6-naphtho[h] cyclo-
octatetraene (30)( 0.24 g) in carbon tetrachloride( 70 mL) and stirred at room
temperature for 18 hr. The reaction mixture was then washed with saturated
sodium thiosulphate solution( 80 mL) and dried over anhydrous magnesium
sulphate. After evaporation of solvent, the residue was chromatographed on silica
gel (hexanes eluent) and recrystallized from hexanes to give colorless crystals
( 31, 0.28 g, 75%): m.p. 159- 163°C; !H NMR( CDC13) 8 5.55( d, J= 1.3
Hz,2H); 6.93( d, J= 6.5 Hz, 1 H), 7.05- 7.13 (m, 3 H), 7.42-7.47 (m,
4 H), 7.54- 7.58 (m, 3 H), 7.71- 7.75 (m, 1 H), 7.83-7.86 (m, 1 H), 8.26
( s, 1 H); MS measured M+ 461.9618, Calcd. for C24Hj6Br2: 461.9620; Anal.
Found: C 62.04, H 3.48, C24H16Br2 requires: C 62.09, H 3.47.
Dibenzo[£,i]tetraphenyIene (6).
A freshly prepared isobenzofuran solution( 70 mL)[ prepared
from l-methoxy-l,4-dihydroisobenzofuran (1.5 g)] was mixed with dibromide
31( 0.28 g). A suspension of potassium t-butoxide( 1.5 g) in tetrahydrofuran
was added dropwise to the mixture under nitrogen at room temperature. After
stirring for 20 min., 2N hydrochloric acid( 100 mL) was added, followed by
extraction with chloroform( 3 x 100 mL). The organic layer was dried over
anhydrous magnesium sulphate and evaporated. Chromatography on silica gel
(hexanes benzene= 1:1 eluent) gave yellow solid of l,4-dihydro-l,4-endoxo-
dibenzo [b,h]tetraphenylene (32). Without further purification, endoxide 32 was
subjected directly to deoxygenation
Tetrahydrofuran (40 mL) was added to titanium (IV) chloride
( 0.8 mL) under nitrogen with stirring. Lithium aluminium hydride (130 mg)
was added, followed by triethylamine( 0.4 mL). After refluxing for 15 min., a
solution of endoxide 32 obtained above in tetrahydrofuran( 24 mL) was added
dropwise to the low valent titanium solution. The reaction mixture was refluxed
for 2 hr. Saturated potassium carbonate solution( 200 mL) was added, followed
by extraction with chloroform( 3 x 150 mL). The organic layer was dried over
anhydrous magnesium sulphate and evaporated. Chromatography on silica gel
( hexanes eluent) and recrystallization from cyclohexane gave colorless
crystals( 6, 0.16 g, 77%): m.p. 230- 231°C; JH NMR( d6- acetone) 5
7.19-7.31 (m, 8 H), 7.49-7.53, 7.89-7.93 (A2B2, J= 3.3, 6.2 Hz, 8 H), 7.71
( s, 2 H), 7.80( s, 2 H); MS measured M+ 404.1571, Calcd. for C32H20:
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